EAIENT 

1431.173. i01/FIN588FCT/US 



A NON-LEADED SEMICONDUCTOR PACKAGE AND A METHOD TO 

ASSEMBLE THE SAME 

Field of the Inve«tioH 
The invention ?«tei«94e~prgvides .a non-leaded semiconductor package and to a 
method of assembling a non-leaded semiconductor package. 

us 6,498,099 discloses a method to produce a leadless semiconductor package by 
half etching one or both sides of the leadframe strip; -._After the wire bonding and molding 
processes, a further etching process is performed to isolate and expose the contact pads. 

This process 6^^^»ri^>e ^includes many processes s^eps-and, in particular, many 
etching processess tefi^. -. Etching is a slow and, therefore, expensive manufacturing process. 

For these and oiher reasons, there is a need for the present invention. 

Summary; 

j^^%"e:?^-efe4ee^- 0nc e rrsbodivrsent of the invention te-f?n>vHk- |mmde^ non-leaded 
semiconductor package and a simpler and more cost-effective method for producing the 
package. 

Brief DescriptioH of the Drawings 

present inveMion and are incorporated in and constitute a part of this specification. I^he 
drawings illustrate the embodimeatB of the present invention and together svith the 
description serve to explain the principles of tlic irtven iion. Other embodinients of the 

readily a ppreciated as they become better uaderstood by refet^nce to the follow ing detailed 



1 



4- 

EAIENT 

1431.173. i01/FIN588FCT/US 

description. The elements of the drawings arc not necessarily to scale relative to each other. 
.L.ike.lM?.i:&l].c.?:.nMmerds 

Figure 1.- afee'tv^iilustrates a non-leaded semiconductor package according to the 

inventioav 

Figure 2 . — !ste>ws^i|lustrate^ a cross-sectional view of a section of a copper foil with a 
carrier tape according to the invention^v 

Figure 3_, ■siH>%¥sil_hMnM£S a cross-sectional view of a section of the copper strip of 

Figure 2 after an etching process to form a plurality of isolated leadframes, each having 
isolated contact leads.-,: 

Figure 4. 3^^;<>"i^ >*.LiiyjiLLilM a cross-sectional view of a section of the leadframe strip 

assembly of Figure 3 after a die attach and a wire-bonding process^v 

Figure 5.. — isfe^ws^ijlustrate^ a cross-sectional view of a section of the leadframe strip 
assembly of Figure 4 after a molding process^r-^H^ 

Figure 6 sfeew ^illuslrates a cross-sectional view of a section of the leadframe strip 
assembly of Figure 5 during a singulation process. 

:wiyirefcngnc^^ described. Becaiise.cgnjjX)sieiits of 

orieirt&tioiis. the directional tenninology is used forpmposes of ijlustraiion and is in no way 
limiting . It is to be understood that other embodiments may be utilized and siniciural or 
.logi.Ql^l..?fe.fy);SSS.maY be 

The following detailed description, therefore, is not to be taken in a limiting sense, and the 
scope of the present invention is defixied by the appetided claims. 

Ill.Q^]e.ei;nb<)di|jien^ non-leaded semiconductor package is assembled using a 
leadframe strip assembly-.- ._A method to produce the leadframe strip assembly according to 
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the invention eeffiBj^fea yinoiudes the following processes jaej^--. -FH-s-tfe-isA metal foil is 
provided and a carrier tape attached to one surface-. -......A plurality of leadframes is then 

formed in the metal foil, each leadframe ^-eHH^H^iHghaving a die pad or die attach pad 
laterally siirrounded by a plurality of contact leadsr%_Each leadframe eeHH.^4tH$s inchMies the 
design of the desired semiconductor packager-... Preferably, the plurality of leadframes is 
formed by an etching process which is, more preferably, performed from one side of the 
metal foilr%_A plurality of isolated individual leadframes is formed. 

By performing only one etching process the manufacturing process according to the 
invention is simplified -^....Performing the etching process from only one side of the metal 
foil leads to a simplification of the equipment required to form the leadframes and lower 
manufacturing costs. 

AMeHHS#v^ly; -^t vln one embodiment, a plurality of leadframes is formed in the metal 
strip by laser cutting or stamping or any method known in the art^^In this embodiment of 
the invention the leadframes are attached to each other by thin metal joining strips and form 
a continuous leadframe strip-.- .__The leadframe strip is then attached to the adhesive coating 
of a carrier tape -%__The metal joining strips are then removed by, for example, etching or by 
laser cutting to form a plurality of isolated leadframes attached to the carrier tape;--. The 
etching process is performed from only one side of the leadframe strip - . This method has 
the advantage that the laser cutting or stamping process is relatively fast so that the 
manufacturing time is reduced. 

The leadframe strip assembly according to the invention therefore ee^HfiH^»es includes 
a metal foil attached to a carrier tape,-%_,The metal foil includes a plurality of leadframes 
preferably arranged in a regular array of columns and rows in the metal foil^-, ...Each 
leadframe eemf??4j^i^s- includcs a die attach pad laterally surrounded by a plurality of contact 
leads-, -^The arrangement of the contact leads and the die attach pad relates to the desired 
package design. 
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ft^efepijM¥v 4ln one embodiment, th e die pad and contact leads of each leadframe of 
the leadframe strip include anchorage features ~....T^-p4e^M¥v4The side walls of the die pad 
and inner side walls of the contact leads include protruding portions formed by an 
approximately square cut-out section at the base of the side walls7 .__The protruding portion 
therefore extends approximately horizontally from the side walls of the die attach pad and 
inner side walls of the contact leads and typically has an approximately square cross-section; 
.__The upper surface of the protruding portion lies on approximately the same plane as the 
upper surface of the die attach pad and contact leads;- , ,This protruding portion is the 
anchorage feature which advantageously improves the reliability of the package. 

■P^^!fe^^!0H\; Iji m]e ci die pad and contact leads of each leadframe of 

the leadframe strip assembly are spatially isolated from each other and, preferably, each 
leadframe of the metal foil of the leadframe strip assembly is spatially isolated from its 
H&ifyfebftiH 'neighbor :-. The die pad and contact leads of each leadframe are laterally isolated 
and are not attached to each other^^Each leadframe is also laterally isolated and is not 
attached to the m^^-gMxHs^^eighboring leadframes. -....The isolated leadframes are 

mechanically supported by the carrier tape,- ^_This arrangement of the leadframe strip 
assembly according to the invention is advantageous in that the cutting and stripping 
processes used in conventional leadframe manufacturing processes are avoided--......This 

manufacturing line is therefore simplified. 

A-iMi*k?*K41-y-,--feBy isolating the contact leads, a space is created between adjoining 
leadframes ......Therefore, during the singulation process the contact leads are not cut which is 

extremely advantageous. 

l%«fei*l^tlYrIn..OM..?0ib.o.dim^^ carrier tape eemf>fij^indudes. a polyimide film 
with a silicone adhesive coating-. -^This carrier tape material has the advantage that it has 
good heat resistance and, therefore, provides good mechanical support to the leadframes 
through the manufacturing process and, in particular, during the molding processr-^Also the 
adhesive can be cleanly removed from the bottom surface of the molded leadframe module 
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or panel at the end of the manufacturing line just prior to the singulation of the individual 
semiconductor packages --,...This reduces the complex and costly cleaning Erocesses:S4e?>s^- 

PfefetbH-y ln one embodiment, t he metal foil e^^^¥ip?^•Si^^*mcludcs copper or 
'^^^^^^^^^^^^^^MmHIAMII or one of their alloys and more preferably eempffiHJsmdudes oxygen 
free high conductivity (OFHC) copper--_^These materials have good electrical conductivity, 
are relatively inexpensive and can be easily processed. 

ln..Q^]e.sj:i)]>QdiJ:i)A?ilt..-^^ metal foil f?*^fe%;»iv--eai¥5f)fiv«^!i]c]ydes^ a thickness of 
approximately 1 mm to approximately 0.01 mm or more preferably approximately 0.25 mm 
to approximately 0. 1 mmv._The leadframe strip assembly according to the invention is 
advantageous in that the thickness of the metal foil which is used to form the plurality of 
leadframes can be thinner than that used in conventional processes as the carrier tape 
provides mechanical support; ^_Also, in the method according to the invention the whole 
surface area of the metal strip is not thinned by an etching process to create leadframes of 
the desired thickness; -. ...The materials cost and manufacturing time is, therefore, reduced. 

The leadframe strip may be partly or completely covered by an electro-plated 
coating; -. Different parts, such as the die attach pad, the contact leads and the contact areas 
of the contact leads, of a leadframe may be coated in different materials; - .. .The electro- 
plated coating may e&a3|jria eigic I udc silver, nickel/palladium/gold or nickel/nickel 
phosphorouS;-N 

In the next stage of the process a semiconductor die, which includes an active 
surface with a plurality of die contact pads and a passive surface, is attached to each die 
attach pad of the leadframe strip assembly-r-......Each die is electrically connected to the 

leadframe by a plurality of bond wires connecting the die contact pads and the lead contact 
areas of the contact leads. 

The plurality of dies attached to the leadframe strip assembly, contact leads, wire 
bonds and upper surface of the carrier tape are then encapsulated with mold material 
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forming a panel or molded leadframe module-^The mold material is typically a polymeric- 
based material. 

A method to assemble a non-leaded semiconductor package according to the 
invention eempri^is?«incjudes the following |yrocessess4e^....The panel or molded leadframe 
module formed by the leadframe strip assembly process is provided and the carrier tape 
attached to the bottom surface is removed-. -. The individual non-leaded semiconductor 
packages are singulated from the panel by sawing. 

The sawing process may be performed by a saw blade, water jet or laser- ,_The 
leadframe strip assembly according to the invention provides a panel in which the packages 
are singulated by cutting through only the mold material as the leadframe strip assembly 
includes isolated leadframes, die attach pads and contact leadsri„This greatly simplifies the 
sawing process. 

If a saw blade is used to cut through two different materials, cracks can form 
between the two materials, burr formation is a problem and the wear rate of the saw blade is 
increasedr%_Water jet technology is extremely slow and, therefore, may be impractical for 

high volume production as it is too costIyr,...If a laser beam is used to cut through two types 
of material then the intensity must be adjusted which leads to a complicated process;-,. 
These problems are avoided by the leadframe strip assembly according to the invention. 

The leadframe strip assembly and the method of the invention is advantageously 
used to produce very thin quad flat non-leaded (VQFN) packages and particularly for 
packages of the pancake design leadframe which include a plurality of adjoining leadframes. 




Figure 1 skew-s ^ljluslrates a non-leaded semiconductor package 1 according to the 
inventionrN„The package 1 a»:m^?yisi^^-jricludes a semiconductor die 2 and a leadframe 3r-^ 
The leadframe 3 ee^si^m^syicl udes a die attach pad 4 in approximately its lateral centre 
which is laterally surrounded by a plurality of contact leads 5 :-^_The die attach pad 4 and 
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contact leads 5 have essentially the same thickness and lie on essentially the same lateral 
plane-.--,....The inner ends of the contact leads 5 include lead contact areas 6; v....The side walls 
of the die attach pad 4 and the inner side wall of the contact leads 5 include a protruding 
portion 19 whose upper surface lies on approximately the same plane as that of the upper 
surface of the die attach pad or contact leadv-.. ...The protruding portions 19 have an 
approximately square cross-section-^The leadframe 3 ^^es^^-kmriucludex oxygen-free high 
conductivity copper. 

The semiconductor die 2 includes an active surface with a plurality of die contact 
pads 7 and a passive surface; -....The passive surface of the die 2 is attached approximately in 
the lateral centre of the die attach pad 4 by die attach material 8; %_The die 2 is electrically 
connected to the leadframe 3 by a plurality of bond wires 9 which connect the die contact 
pads 7 and the lead contact areas 6?-, 

The upper surface of the die 2, contact leads 5, bond wires 9 and space between the 
die pad 4 and contact leads 5 is encapsulated with mold material 10 - .... The bottom surface 
1 1 of the non-leaded package 1 ges^ftim ^indudes mold material 10 and the bottom surfaces 
of the die attach pad 4 and contact leads 5 on an essentially common planer ,_The outer side 
surfaces of the contact leads 5 are covered by a thin coating of the mold material 10-,--.. The 
outer sides of the semiconductor package 1 are essentially vertical; -, The bottom surfaces of 
the contact leads 5 provide the external contact areas of the package l-. -^ 

Figure 2 s-i%i>w&illust.rate^^ a copper foil 12 attached to a carrier tape 13 in the first 
^■l^p process of the method according to the invention to manufacture very thin quad flat non- 
leaded (V QFN) packages. -^The copper foil e-&e?fmst'sinc]udes oxygen-free high 
conductivity copper and e^^?J^p"kH?&iiiclud.es. a thickness of between approximately 0.25mm 
and approximately 0.1mm-. -^The copper strip 12 is attached to the adhesive coating 17 on 
the upper surface of a carrier tape 13 which 6-e^sfti'i^?s incliides a polyimide film substrate 
with a layer of silicone adhesive 17 on its upper surface. 
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Figure 3 »fe>wf »ij}us iratcs the next stage of the method according to the invention in 
which a plurality of leadframes 3 are formed in the copper foil l: -...The leadframes 3 formed 
by a selective etching process which takes place on one side, from the top as 
?»lHHy mIj ustrated in Figure 2, of the copper strip 12: -^The upper surface of the carrier tape 
13 acts as an etch stop. 

The leadframes 3 are laterally arranged in a regular array of rows and columns in the 
copper foil 12; -,. Each leadframe 3 includes a die attach pad 4 in the centre which is laterally 
surrounded by a plurality of contact leads 5 .The lateral arrangement of the plurality of 
leadframes and the lateral arrangement of each individual leadframe cannot be seen in the 
cross-sectional views of the figures. 

The contact leads 5 are separate from the die attach pad 4 and are not connected to 
each othen -i^Each leadframe 3 is laterally isolated from the i»e^g;lH»&tH-i¥ig neighbori«g 
leadframes in the copper foil 12 and the bottom surface of each leadframe is attached to the 
adhesive coating 17 of the carrier tape 13 --....The carrier tape 13 provides the mechanical 
support to the isolated leadframes 3, each including an isolated die attach pad 4 and a 
plurality of isolated contact leads 5 during the next stages of the manufacturing process up 
to just prior to the singulation process. 

In the next step in the process, ^•"^H>^^H^■•ii[y sL^ate^^^ in Figure 4, a semiconductor die 2 is 
attached using die attach material 8 to the die pad 4 of each leadframe 3 in the copper foil 
12:-. .. The semiconductor die 2 includes an active upper surface including a plurality of die 
contact pads 7v .__The inner portion of each contact lead 5 of the leadframe 3 also includes a 
contact area 6v ._The electrical connection between the contact pads 7 of the semiconductor 
die 2 and the contact areas 6 of the contact leads 5 of the leadframe 3 is formed by wire 
bonds 9. 

Figure 5 sfew^illus irates the molding process of the method according to the 
invention; . The plurality of leadframes 3 is encapsulated by mold material 10 to form a 
molded leadframe module or panel 14v ,_The die 2, die attach pad 4, contact leads 5, wire 
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bonds 9 and areas between the contact leads 5, die attach pads 4 and the upper surface of the 
carrier tape 13 of each of a plurality of leadframes 3 are encapsulated by a single mass of 
mold material 10,- i_.The upper surface of the carrier tape 13 acts as the bottom surface of the 
mold; %„The mold material is then given an appropriate curing treatment. 

Figure 6 sfeHv-^^il[usi^^^^^ the final eiegprocess of the process in which the carrier 
tape 13 is removed from the molded leadframe module 14 :- , The bottom surface 16 of the 
molded leadframe module 14 ^i^s-^sW-is^'siocluds^^^ mold material 10 and isolated areas 
6*h«^-^M4-s-i¥ig|ia^^ the bottom metal surfaces of the die attach pads 4 and isolated contact 
leads 5 on an essentially common surface-.- ._The individual non-leaded packages 1 are 
singulated from the molded leadframe module 14 by sawing through the mold material 10 
between the individual leadframes 3 as indicated by the dotted lines 15 and saw blade 18. 

Contacting means, such as solder balls, are then attached to the bottom surface of the 
contact leads 5 and provide the external contacts from the non-leaded package 1 to, for 
example, a printed circuit board- ......Altematively, the solder balls may be attached to the 

contact leads 5 while the package forms part of the molded leadframe module.- .^The 
packages 1 are then tested, packages and then mounted on, for example, a printed circuit 
board-, 

Ahhoimji specific embodiments have been iilustraied and described herein, it will be 

inipjem entaiioris may be subsiituted for the speci fic embodiirten is shown and ^ described 
wi thoiif, dgiwring. 

cover airy adaptations or variations of the specific einbodiineiits discussed herein. 
Therefore, it is inte nded thai this invention be limited only by the claims and the equivalents 
thereof. 
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